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® IMethod and apparatus for dispensing high viscosity fluid materials. 



© A method and apparatus for dispensing a solu- 
tion of highly viscous polymeric material and gas 
includes a dispenser connected to a pressure regu- 
lator which is adapted to connect to a source of a 
pressurized polymer/gas solution. Minimal pressure 
drop due to line losses occurs In the course of 
transmitting the solution from the pressure regulator 
into the dispenser because of their close proximity, 
and the solution is maintained under controlled pres- 



sure throughout passage to the discharge outlet of a 
nozzle carried by the dispenser so that the gas is 
maintained in solution in the polymeric material until 
it is discharged from the nozzle to atmosphere. The 
flow rate of solution through the dispenser is variable 
by operation of adjustable valve structure associated 
with the dispenser and/or by operation of the pres- 
sure regulator. 
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Reld of the Invention 

This invention relates to dispensing apparatus, 
and. more particularly, to an apparatus for dispens- 
ing a mixture of highly viscous polymeric material 
and a gas, such as air. to form a polymer foam on 
a substrate while avoiding the production of pres- 
sure surges and pressure drops when the appara- 
tus is operated intermittently. 

Background of the Invention 

The assignee of this invention has pioneered 
the development and application of methods and 
apparatus for foaming polymeric materials such as 
hot melt thermoplastic adheslves, polymeric coat- 
ings, paints and other thermoplastic and/or ther- 
mosetting materials. In the case of hot melt adhe- 
slves, for example, it has been discovered that the 
strength of an adhesive bond achieved with a given 
volume of selected hot melt adhesive can be ap- 
preciably improved If the adhesive Is applied as a 
foam rather than as a conventional non-foamed 
adhesive. 

As disclosed, for example, in U.S. Patent Nos. 
4,059.466 and 4,059.714 to Scholl et al, initial at- 
tempts at "foaming" polymeric materials involved 
the mixture of hot melt thermoplastic adhesive and 
a blowing agent wherein a polymer/gas adhesive 
solution Is formed and transmitted under pressure 
to and through a dispenser. Upon emerging from 
the nozzle of the dispenser Into atmospheric pres- 
sure, the gas evolves from the solution in the form 
of small bubbles causing the adhesive to expand 
volumetrically. The resultant adhesive in an uncom- 
pressed state sets up as a homogeneous solid 
foam having gas cells substantially evenly distrib- 
uted throughout the adhesive. 

This technology has been extended to poly- 
meric materials having a much higher viscosity 
than hot melt thermoplastic adheslves, as disclosed 
in U.S. Patent No. 4,778,631 to Cobbs, Jr., which is 
owned by the assignee of this invention. Whereas 
hot melt adheslves have a viscosity typically in the 
range of about 2.200 cps to 20,000-35.000 cps, 
"high" viscosity polymeric material such as ther- 
moset materials used as adheslves, seals and 
gasketing material have viscosities in the range of 
about 50.000 cps to about 1,000,000 cps. As dis- 
closed In the 4.778.631 patent to Cobbs. Jr. et al, 
in order to fonm a solution of "high" viscosity 
polymeric material and gas, a low energy input 
disc mixer is employed to force the gas into solu- 
tion with the polymeric material. When the solution 
Is released to atmosphere, a homogeneous foam is 
formed wherein the gas Is released from solution 
and becomes entrapped in the polymer. 

It has been found that a number of practical 



problems are created in the application of high 
viscosity, foamed polymeric materials in a produc- 
tion environment. Because of the extremely high 
viscosity of such polymeric materials, dispensing 

5 systems must "dead end" at the dispenser, i.e.. 
the material cannot be efficiently recirculated from 
the source, through the dispenser and back to the 
source because of the excessive amount of energy 
needed to move such material and the bulk of the 

70 conduit required. If the high viscosity material is 
dead-ended or stopped within the dispenser, un- 
satisfactory variations in the amount of material 
discharged from the dispenser can occur, particu- 
larly when the dispenser is operated Intermittently. 

75 Each opening and closing of the valves associated 
with the dispenser to obtain intermittent discharge 
of material can result In pump surges and pressure 
fluctuations which, in turn, cause wide flow vari- 
ations of the polymeric material discharged from 

20 the dispensers. Excessive application of material 
can result in a messy or sloppy appearance where 
the polymer is applied as a seam sealer, and/or 
can result in the formation of a gasket having an 
uneven profile. Wide pressure fluctuations also can 

25 result in the premature formation of foam within the 
dispenser if the pressure falls below the level re- 
quired to maintain the gas in solution, or the forma- 
tion of poor quality foam if the pressure is too high 
within the dispenser and the gas Is not readily 

30 permitted to leave solution. 

The problems associated with intermittent ap- 
plication of high viscosity polymeric materials have 
been addressed to some extent in the prior art. For 
example, in U.S. Patent No. 4.922,852 to Price, 

35 owned by the assignee of this invention, a dis- 
penser is provided with a servo-actuator including 
an electropneumatic servo-valve which operates a 
double-acting piston actuator for a variable fluid 
metering valve. A pressure sensor at the nozzle of 

40 the dispenser generates a pressure signal which is 
correlated to the instantaneous flow rate of the 
dispensed fluid to obtain precise control of the 
amount of fluid dispensed even when the dispenser 
is operated intermittently. While the system dis- 

45 closed in the 4.922,852 patent operates effectively, 
it is relatively expensive because of the rather 
sophisticated control systems which are required to 
monitor and control the fluid flow. 

Another problem with many systems of the 

50 type disclosed in the 4.922,852 patent is that they 
are not designed for use with "foamed" polymeric 
materials, i.e., a pressurized polymer/gas solution 
such as a highly viscous polymeric adhesive, seal- 
ant and/or gasketing material in which gas is con- 

55 tained in solution with such material. In order for a 
system to effectively dispense foamed polymeric 
material, the gas must remain in solution through- 
out its passage to and through the dispenser. The 
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apparatus disclosed in U.S. Patent No. 4,922,852, 

for example, employs a dispenser having a rela- 
tively large cavity between the discharge outlet of 
the dispenser and its flow control valve within 
which the adhesive could be permitted to foam 
when the valve is closed creating a potential prob- 
lem of drool or leakage of the foamed adhesive out 
of the cavity. Apparatus of this type may be unac- 
ceptable for use in connection with pressurized 
solutions of polymeric materia! and gas. 

It has been observed that another practical 
problem often occurs in the course of dispensing 
highly viscoelastic polymeric materials such as ad- 
hesives, sealants and gasketing materials, particu- 
larly in automated applications wherein a robot arm 
or the like manipulates a dispenser in a non-linear 
flow path with respect to a substrate. In the ap- 
plication of a gasketing material onto a substrate, 
for example, a dispenser typically discharges ma- 
terial at a constant flow rate while the robot arm 
moves in an essentially straight path with respect 
to the substrate. When the dispenser is moved in a 
non-linear path, however, such as around a corner, 
the highly viscoelastic polymeric material tends to 
be pulled away from the corner if the dispenser 
continues to operate at the same flow rate. There 
has therefore been a need to provide automatically 
manipulated dispensers with the capability of vary- 
ing the flow rate at which polymeric material is 
dispensed therefrom, without substantially adding 
to the expense of the dispenser and/or the control- 
lers associated with the dispenser. 

Summary of the Invention 

It is therefore among the objectives of this 
invention to provide an apparatus for dispensing a 
solution of highly viscous polymeric material and 
gas. which provides for intermittent operation with- 
out wide pressure fluctuations in the material ap- 
plied to the substrate, which maintains the gas in 
solution with the polymeric material until dis- 
charged to atmosphere, which provides for vari- 
ation in the flow rate of the solution, and, which is 
relatively inexpensive to construct and maintain. 

These objectives are accomplished in an ap- 
paratus for dispensing a solution of highly viscous 
polymeric material and a gas which comprises a 
dispenser, a pressure regulator, and. optionally, a 
swivel mount, all of which are interconnected to 
one another. The pressure regulator is adapted to 
connect to a source of a pressurized polymer/gas 
solution either directly or through the swivel mount. 
The solution is transmitted through the pressure 
regulator directly into a fluid passageway formed in 
the dispenser body of the dispenser. Minimal pres- 
sure drop due to line losses occurs because of the 
close proximity of the pressure regulator and dis- 



penser, and the solution Is maintained under high 
pressure within the fluid passageway in the dis- 
penser to the discharge outlet of a nozzle carried 
by the dispenser. This maintains the gas in solution 

5 in the polymeric material within the dispenser body 
until it Is discharged from the nozzle to atmosphere 
at which time the gas evolves from solution to form 
a homogeneous foam having gas cells substantially 
evenly distributed throughout the polymeric ma- 

70 terial. 

One important aspect of this Invention is predi- 
cated upon the concept of minimizing the duration 
and extent of pressure fluctuations in the 
polymer/gas solution, particulariy when the dis- 

75 penser is operated intermittently. This is accom- 
plished in the apparatus of this invention by mount- 
ing the pressure regulator and dispenser in such 
close proximity to one another that little or no line 
losses occur as the solution is transmitted from the 

20 pressure regulator to the discharge outlet of the 
nozzle in the dispenser. As a result, the transition 
from static pressure to dynamic pressure, e.g., 
when the dispenser is intermittently operated, oc- 
curs very quickly and the pressure drop of the fluid 

25 material within the dispenser is minimized. More- 
over, the dynamic pressure is maintained at a 
substantially constant level by the pressure regula- 
tor throughout operation of the dispenser. It has 
been found that such construction and operation of 

30 the apparatus of this Invention is particulariy ad- 
vantageous in dispensing highly viscous materials, 
and that large line losses and unacceptable ap- 
plication characteristics of the foam material are 
obtained if the pressure regulator is eliminated or 

35 positioned at a remote location from the dispenser. 

In the presently preferred embodiment, the dis- 
penser and pressure regulator are mounted in 
close proximity to one another, and the solution is 
transmitted from the outlet of the pressure regula- 

40 tor substantially directly into the inlet of the fluid 
passageway in the dispenser. The pressure regula- 
tor maintains the polymer/gas solution at the de- 
sired application pressure, whether the dispenser is 
operated continuously or intermittently, by a piston 

45 associated with the pressure regulator which is 
movable with respect to a seat formed In a cavity 
through which the solution is directed before enter- 
ing the dispenser body. Movement of the piston is 
controlled by a spring, or, alternatively, pressurized 

50 fluid, such that when the discharge outlet of the 
fluid passageway in the dispenser Is closed, the 
solution located in the dispenser downstream from 
the pressure regulator is maintained at the desired 
application pressure, whereas the solution up- 

55 stream from the pressure regulator, i.e., between 
the pressure regulator and source of polymer/gas 
solution, is maintained at higher pressure. When 
the discharge outlet of the nozzle in the dispenser 
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is opened, a pressure surge is avoided because 
the solution within the dispenser, downstream from 
the pressure regulator, has been maintained at the 
appropriate application pressure. As the pressure 
downstream from the regulator is relieved, the pis- 
ton of the regulator opens allowing solution up- 
stream from the pressure regulator to flow thereth- 
rough. The pressure of such solution is reduced to 
the appropriate application pressure, by operation 
of the regulator piston, as it passes through the 
pressure regulator and enters the dispenser. Fur- 
ther, because of the close proximity between the 
pressure regulator and dispenser, minimal pressure 
drop occurs due to line losses as the solution 
upstream from the pressure regulator flows into the 
dispenser body and through the dispenser nozzle. 

It has been found that the above-described 
construction, in which the pressure of the solution 
is relatively accurately controlled, is an important 
factor in obtaining foam having the desired applica- 
tion characteristics. Preferably, the pressure of the 
solution prior to discharge from the dispenser 
should be slightly above the pressure at which the 
gas leaves solution. If the pressure of the solution 
is too high, the resulting bead of adhesive or other 
material exhibits poor foam quality. On the other 
hand, if the pressure of the solution is too low, the 
gas may leave solution and begin to form a foam 
within the dispenser which also produces an unac- 
ceptable bead. It Is therefore advantageous, and an 
important feature of this invention, to provide for 
relatively accurate control of the solution pressure, 
particularly when the dispenser is operated inter- 
mittently. 

In another aspect of this Invention, the dis- 
penser is constructed to maintain the gas in solu- 
tion In the liquid polymeric material before the 
solution Is emitted from the discharge outlet in the 
fluid passageway of the dispenser body. Prefer- 
ably, the fluid passageway in the dispenser carries 
a needle valve having a valve tip which seats at the 
discharge outlet to the fluid passageway. The 
polymer/gas solution is conveyed under pressure 
through the fluid passageway in the dispenser 
body and into the nozzle to a location Immediately 
adjacent the discharge outlet of the nozzle where 
the valve tip seats. As a result, the gas remains in 
solution in the polymeric material within the dis- 
penser and does not evolve from solution to form a 
polymer foam until the needle valve Is moved to an 
open position with respect to the discharge outlet 
and the solution is emitted to atmosphere. 

In another aspect of this invention, it has been 
found desirable in certain applications to provide 
for variation in the flow of solution from the dis- 
penser. In one presently preferred embodiment, the 
dispenser is provided with an adjustable stop which 
engages the needle valve as it moves to an open, 



unseated position relative to the discharge outlet In 
the nozzle of the dispenser. The stop can be 
adjusted manually, at the beginning of a production 
run, to vary the extent of axial movement of the 

5 needle valve, and, hence, the flow rate of solution 
through the nozzle. 

In an alternative embodiment, adjustment of 
the flow rate of solution is obtained during a pro- 
duction run with a dispenser having at least a two- 

70 stage actuator. In this embodiment, a flow control 
module and a dispenser body are interconnected, 
one on top of the other, to actuate a needle valve 
carried in the dispenser body. The needle valve 
has one end formed with a valve tip positioned at 

75 the discharge outlet of nozzle carried by the dis- 
penser body, and an opposite end carrying a pis- 
ton. The piston engages a return spring which 
normally holds the valve tip in a closed position 
with respect to the discharge outlet in the nozzle. 

20 In response to the application of pressurized air on 
the side of the piston opposite the spring, the 
needle valve is moved axially upwardly to a first or 
partially opened position with respect to the dis- 
charge outlet of the nozzle. 

25 In the course of moving axially upwardly, the 
piston connected to the needle valve contacts the 
lower end of a plunger which is carried by the flow 
control module in axial alignment with the needle 
valve. The opposite end of the plunger Is con- 

30 nected to a piston which engages a return spring. 
This return spring is effective to restrict the axial 
movement of the plunger, and exerts a spring force 
which acts in the same direction as the spring 
force exerted by the return spring associated with 

35 the needle valve. The spring force exerted by the 
upper return spring associated with the plunger, 
when combined with the spring force of the lower 
return spring, is sufficient to restrict the upward 
axial movement of the needle valve beyond the 

40 point where the piston of the lower needle valve 
contacts the plunger of the flow control module. As 
a result, the needle valve and its valve tip are 
moved to a predetermined first or partially open 
position relative to the discharge outlet of the noz- 

45 zie in dispenser body in response to the applica- 
tion of pressurized air beneath the piston of the 
needle valve. 

In order to move the needle valve to a more 
completely open or second position, pressurized 

50 air is introduced beneath the piston mounted to the 
plunger of the flow control module. The combined 
force of the pressurized air exerted on the pistons 
of the needle valve and plunger is sufficient to 
overcome the combined force exerted by the re- 

55 turn springs against such pistons in the opposite 
direction, thus allowing the needle valve to move 
upwardly away from the discharge outlet of the 
nozzle in the dispenser body to a second, more 
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fully open position. 

In the presently preferred embodiment, the dis- 
penser body includes a nozzle having an elongated 
bore within which an elongated valve tip of the 
needle valve is axially movable. The elongated 
valve tip has an outside diameter which is some- 
what smaller than the diameter of the elongated 
bore so that the valve tip acts as a variable flow 
restrictor to control the flow of solution through the 
elongated bore. The elongated valve tip is movable 
to a first position with respect to the discharge 
outlet of the nozzle which allows flow of solution 
therethrough at a first flow rate, and then the valve 
tip moves axially further from the discharge outlet 
of the nozzle with the needle valve in the second 
position, thus permitting a higher flow rate of solu- 
tion therethrough. 

The two-stage motion of the needle valve pro- 
vides for a variation in the flow rate of solution 
emitted from the discharge outlet of the dispenser 
body. This is accomplished without a sophisticated, 
expensive controller system, and can accommo- 
date applications such as the manipulation of the 
dispenser around a corner or other non-linear flow 
paths. 

Description of the Drawings 

The structure, operation and advantages of the 
presently preferred embodiment of this invention 
will become further apparent upon consideration of 
the following description, taken in conjunction with 
the accompanying drawings, wherein: 

Fig. 1 is a schematic view in partial cross sec- 
tion of the apparatus of this invention including a 
dispenser, pressure regulator and swivel mount, 
and a system for supplying a liquid/gas solution 
thereto; 

Fig. 2 is an enlarged cross sectional view taken 
on line 2-2 of Fig. 1 illustrating the needle valve 
guide of the dispenser; 

Fig. 3 is a view similar to Fig. 1 except with an 
alternative type of pressure regulator; 
Fig. 4 is an elevational view in partial cross 
section of an alternative embodiment of the dis- 
penser of this invention having a two-stage flow 
rate capability; and 

Figs. 5A-5C are enlarged, schematic views of a 
preferred embodiment of the nozzle employed 
with the dispenser of Fig. 3 in the closed, par- 
tially open and fully open positions. 

Detailed Description of the Invention 

Referring now to Fig. 1, the dispensing appara- 
tus 10 of this invention includes a dispenser 12. a 
pressure regulator 14, and, in the presently pre- 
ferred embodiment, a swivel mechanism 16 adapt- 



ed to connect to a source of polymer/gas solution. 
A method and apparatus of producing a solution of 
polymeric material and gas in preparation for foam- 
ing by the dispensing apparatus 10 of this inven- 

5 tion is disclosed in U.S. Patent No. 4,778,631 to 
Cobbs, Jr. et al, owned by the assignee of this 
invention, the disclosure of which is incorporated 
by reference in its entirety herein. 

One preferred embodiment of the apparatus 

10 disclosed in Patent No. 4.778,631 to Cobbs, Jr. et 
al is schematically illustrated in Rg. 1 and iden- 
tified generally with the reference number 18. The 
identical apparatus is employed in other embodi- 
ments of this invention, but for ease of illustration 

75 the apparatus is shown schematically in a single 
block labeled "polymer/gas solution" 18 in Figs. 3 
and 4. 

As shown in Fig. 1, apparatus 18 employs a 
bulk source of polymeric material such as a bulk 

20 melter 300 containing heating means for liquifying 
a solid or semi-solid polymer material and pumping 
it from the tank. An example of a bulk melter is 
shown in U.S. Patent No. 4,073,409, assigned to 
the assignee of this invention, the disclosure of 

25 which is incorporated by reference in its entirety 
herein. The pump associated with the bulk melter 
300 is a cartridge-type gear pump, however, any 
pump capable of providing sufficient pressure to 
pump the material from the bulk melter 300 is 

30 suitable. 

The material to be foamed is conveyed through 
line 302, which may be a hose capable of convey- 
ing heated material under pressure, to the up- 
stream end of a disc mixer 304 where it is injected 

35 into the mixer 304. The foaming gas is supplied to 
the disc mixer 304 from a pressurized gas supply 
306 through a gas line 308. A pressure regulator 
310 and flow meter 312 are connected in line 308 
and permit control of gas pressure and flow rate, 

40 respectively, to the mixer 304. As schematically 
illustrated in Rg. 1 , the gas may be supplied to the 
system through several alternative paths. One is to 
fill the mixer 304 only partially full with polymer 
material and to fill the head space over such poly- 

45 mer material with gas from line 308 (shown in solid 
lines) to a desired pressure whereupon in the mixer 
304 the polymeric material to be foamed entrains 
the gas from the head space on operation of the 
mixer 304 to form the polymer gas solution. An 

50 alternative gas flow path 308a (shown in dotted 
lines) is to meter gas bubbles into the line 302 
supplying the polymeric material to the mixer 304 
so that the gas and polymer enter the mixer 304 
together and completely fill it. Another alternative 

55 308b (also shown in dotted lines) is to provide a 
porous end plate in the upstream end of the mixer 
304 and to supply gas bubbles through the porous 
end plate to the mixer 304, which is completely 
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filled with polymer, such that the bubbles are 
forced into solution with the polymer. Any of these 
alternative methods may be used depending upon 
the particular application, however, for purposes of 
illustration, supplying the foaming gas to the head 
space in the mixer 304 through line 308 is illus- 
trated as one embodiment. 

As described in detail In Patent No. 4,778,631 , 
and as used herein, the term "polymer/gas" solu- 
tion Is meant to refer to a combination of thermo- 
plastic or themnosetting polymeric material and 
gases such as air, nitrogen, oxygen, carbon dioxide 
and a variety of other gases or mixtures thereof. 
The term "solution" is used to describe a pressur- 
ized mixture of liquid polymer and dissolved gas 
which, when subjected to atmospheric pressure, 
forms a foam in which the gas evolves from solu- 
tion in the form of small bubbles which enlarge and 
cause the polymer material to expand volumetrical- 
ly. As used in the specification and claims, the 
"solution" of polymeric material and gas is in- 
tended to define and encompass the broader ge- 
neric definition of solution which is a homogeneous 
mixture of a gas and molten or liquid polymer, 
whether or not the gas molecules are in fact dis- 
solved or dispersed among the polymer molecules. 

The dispensing apparatus 10 of this invention 
is particularly adapted to dispense foamed thermo- 
plastic and thermosetting polymeric materials hav- 
ing a relatively high viscosity, i.e., in the range of 
about 50,000 to 1.000.000 cps and above, which 
are suitable for use as sealants, adhesives, gasket- 
ing materials and the like. Examples of these ma- 
terials are given in Patent No. 4,778,631 . 

PRESSURE REGULATORS OF FIGS. 1 AND 3 

Referring to Figs. 1 and 2, the pressure regula- 
tor 14 of apparatus 10 includes a mounting block 
20 located by pins 22 and secured by screws 23 to 
the dispenser body 24 of dispenser 12. The upper 
portion 27 of pressure regulator 14 comprises a 
regulator body 26 which is threaded into a bore 
formed in the mounting block 20. and sealed by an 
0-ring 21 therein, such that an annular flange 28 
carried by the regulator body 26 rests against the 
top surface of the mounting block 20. The lower 
portion of the pressure regulator 14 includes a 
base 29 formed with a throughbore 30 which 
slidably receives a valve guide 32. The lower-most 
end of base 29 is formed with an annular flange 34 
which is sealed by an 0-ring 36 to the lower face 
of mounting block 20. A second 0-ring 38 is inter- 
posed between the base 29 and the valve guide 
32. As used herein, the term "upper" or "top" is 
used to refer to the upper portion of the apparatus 
herein as it is depicted in Fig. 1, and the terms 
"lower" or "bottom" refer to the opposite direction. 



In the presently preferred embodiment, the 
valve guide 32 mounts one end of a regulator valve 
40 having a stepped shaft 42 formed with a lower 
threaded end 44 and an upper threaded end 46. 

5 The stepped shaft 42 is held in sealing engage- 
ment with the valve guide 32 by an 0-rlng 43. The 
lower threaded end 44 of stepped shaft 42 receives 
a nut 48 and lock washer 49 which mount the 
stepped shaft 42 to the valve guide 32. The 

70 stepped shaft 42 is carried within a cavity 50 
formed in the mounting block 20 having an inlet 52 
communicating with the outlet 54 of the swivel 
mechanism 16, and an outlet 56 which is con- 
nected by a passageway 58 to the inlet 60 of a 

T5 fluid passageway 62 formed in the dispenser body 
24 of dispenser 12 as discussed below. 

Preferably, the mounting block 20 is formed 
with a valve seat 64 mounted within the cavity 50 
in a position to engage a valve plate 66 fixed to the 

20 stepped shaft 42 of valve 40. As shown in Fig. 1. 
this valve plate 66 is carried in an annular flange 68 
formed in the valve guide 32 so that the valve 40 
and valve guide 32 move axially as a unit. 

The upper portion of the stepped shaft 42 of 

25 valve 40 is connected to a piston 72 axially mov- 
able within a cavity 74 formed in the upper portion 
27 of regulator 14. An 0-ring 76 is carried in a seat 
formed in the piston 72 which sealingly engages 
the wall of regulator body 26 formed by the cavity 

30 74. The stepped shaft 42 is fixedly mounted to the 
piston 72 by a nut 82 and lock washer 83 carried 
on the upper threaded end of stepped shaft 42. 

As viewed in Fig. 1, a regulator spring 84 is 
carried within the cavity 74 of regulator body 26 

35 between the top surface of piston 72 and a retainer 
88 slidably received with the cavity 74 of regulator 
body 26. The top of retainer 88 rests against the 
bottom of a cap 90 which is formed with a non- 
circular-shaped recess 89 adapted to receive an 

40 adjusting tool (not shown). The cap 90 is formed 
with an internally threaded flange 91 which en- 
gages threads on the outer surface of the upper 
portion of regulator body 26. The cap 90 is thus 
axially adjustable along the regulator body 26 to 

45 move the retainer 88 toward or away from the 
piston 72, which, in turn, varies the spring force 
exerted by the regulator spring 84 against the 
piston 72. 

As described in more detail below, pressurized 
50 polymer/gas solution is introduced into the cavity 
50 of mounting block 20 and flows against the 
lowermost surface of the piston 72 causing it to 
move axially within the cavity 74 of regulator body 
26 against the force exerted by the regulator spring 
55 84. In response to the movement of piston 72. the 
valve plate 66 is moved axially with respect to the 
valve seat 64 to variably restrict the flow of solution 
through cavity 50 into passageway 58. In the em- 
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bodiment of Rg. 1 , axial movement of the piston 72 
is controlled by the spring force of the regulator 
spring 84 which, in turn, controls the axial move- 
ment of the valve 42 and valve plate 66. 

In an alternative embodiment illustrated in Fig. 
3, a modified pressure regulator 200 is employed 
having a regulator body 202 similar to that of 
pressure regulator 14 except the regulator spring 
84, retainer 88 and cap 90 of regulator 14 are 
eliminated. In this embodiment, the regulator body 
202 has a hollow cavity 204 filled with pressurized 
fluid introduced through a port 206 connected by a 
line 207 to a pressurized fluid source 208. The 
pressurized fluid within the closed cavity 204 ex- 
erts a force on the piston 72, but unlike the force 
applied by regulator spring 84, the force of the 
pressurized fluid can be variably controlled by a 
controller 92 which operates a valve 212 mounted 
in the line 207 between the pressurized fluid 
source 208 and cavity 204. As described in more 
detail below, the controller 92 accepts signals from 
a pressure transducer 210 mounted to the dis- 
penser body 24 of dispenser 12 which are com- 
pared to a predetermined setpoint in the controller 
92. An output from the controller 92 operates the 
valve 212 to vary the pressure of the fluid within 
cavity 204, and thus the force exerted against 
piston 72, as desired. The other structure of ap- 
paratus 10 Illustrated in Fig. 3 Is identical to that in 
Fig. 1, and is given the same reference numbers. 

DISPENSER OF FIGS. 1-3 

As mentioned above, the mounting block 20 
which carries pressure regulator 14 is directly 
mounted to the dispenser body 24 of dispenser 12. 
An Important aspect of this invention is that the 
pressure regulators 14 and 200, and dispenser 12. 
are mounted in such close proximity that pressure 
losses are substantially eliminated as the highly 
viscous polymer/gas solution is transmitted to the 
dispenser 12 for discharge onto a substrate. 

In one presently preferred embodiment, the 
fluid passageway 62 formed in dispenser body 24 
has an inlet 60 which is directly connected to the 
outlet passageway 58 of mounting block 20. This 
connection is sealed by an 0-ring 95 to provide a 
face seal between the mounting block 20 and dis- 
penser body 24. The fluid passageway 62 is con- 
nected to a discharge cavity 96 formed near the 
base of dispenser body 24 which is intersected by 
an internally threaded port 97. In the embodiment 
of Fig. 1, the port 97 is closed by a plug 103. The 
port 97 mounts the pressure transducer 210 in the 
embodiment of Fig. 3, as mentioned above. 

The cavity 96 in dispenser body 24 commu- 
nicates with a nozzle 98 mounted to the dispenser 
body 24 by a plate 99 located at the bottom 



surface of dispenser body 24. The nozzle 98 is 

formed with a discharge passageway 100 which 
tapers radially inwardly from the cavity 96 to a 
discharge outlet 101 at the lowermost end of noz- 

5 zle 98. As best seen in Fig. 2. the discharge 
passageway 100 of nozzle 98 carries a triangular- 
shaped valve guide 102 having a central opening 
104 defined by three lobes or bores 106a-c which 
are spaced approximately 120* from one another. 

70 The central opening 104 receives and guides the 
tower end of valve stem 107 of a needle valve 108 
which includes a valve tip 110 located at the dis- 
charge outlet 101 of the discharge passageway 100 
in nozzle 98. The upper end of needle valve stem 

15 107 of valve 108 is guided by a first seal 112 
mounted at the top of discharge cavity 96, and a 
second seal 114 mounted within an air cavity 115 
defined by a stepped bore 116 formed in the top of 
dispenser body 24. The air cavity 115 is inter- 

20 sected by an air inlet port 118. An air or sealant 
weep port 120 is formed in the dispenser body 24 
beneath the upper or second seal 114 of air cavity 
115. This port 120 intersects a bore 119 which 
receives that portion of the stem 107 of needle 

25 valve 108 extending between the discharge cavity 
96 and air cavity 115. A piston 121 is mounted by 
a screw 122 to the uppermost end of needle valve 
108 which is axially movable within the air cavity 
115. Preferably, the piston 116 carries an annular 

30 seal 123 which engages the wall of dispenser body 
24 formed by air cavity 115 to provide a dynamic 
seal therebetween. 

Referring to the top portion of Fig. 1, adjust- 
ment structure is provided to control the extent of 

35 axial movement of needle valve 108 which, in turn, 
controls the flow of polymer/gas solution through 
the discharge outlet 101 of nozzle 98. In the pres- 
ently preferred embodiment, this adjustment struc- 
ture comprises a collar 124 mounted by fasteners 

40 (not shown) to the top of dispenser body 24. The 
collar 124 is formed with a bore 126 which defines 
an annular projection 128 insertable within the up- 
per portion of the stepped bore 116 in dispenser 
body 24. A return spring 130 is carried within the 

45 bore 116 which extends between the top of piston 
121 and a shoulder 132 formed at the top end of 
bore 126. A vent passage 134 is formed in collar 
124 which intersects bore 126. 

The upper end of stepped bore 126 is thread- 

50 ed to receive the threaded portion 135 of an adjust- 
ment shaft 136 such that the lowermost end 138 of 
shaft 136 is axially aligned with the screw 122 of 
piston 121. See Fig. 1. The top portion of the 
adjustment shaft 136 is formed with a non-circular 

55 portion 140, e.g., hex-shaped, which is received 
within a mating bore 142 formed in a knurled ring 
144. This ring 144 rests atop the collar 124 and is 
held in a rotatably fixed position with respect to the 
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collar 124 by a pin 146 extending therebetween. 
The pin 146 is fixedly mounted to the ring 144 and 
is sized to engage one or more bores 147 formed 
In the collar 124, two of which are shown in Fig. 1. 
Because the ring 144 and adjustment shaft 136 are 5 
interconnected along the non-circular portion 140 of 
shaft 136, the shaft 136 is also held in a rotatably 
fixed position when the ring 1 44 is mounted to the 
collar 124. In the presently preferred embodiment, 
a spring 148 Is interposed between the top of ring w 
144 and a washer 150 mounted at the top of 
adjustment shaft 136 by a snap ring 152 to retain 
the ring 144 in engagement with collar 124. 

Axial movement of the needle valve 108, and 
the adjustment of the extent of such axial move- is 
ment. is obtained as follows. The needle valve 108 
is normally maintained in a closed position by the 
return spring 130. In the closed position, the valve 
tip 110 of needle valve 108 seats within the dis- 
charge outlet 101 of nozzle 98. In order to move 20 
the needle valve 108 to an open position, pressur- 
ized air is introduced into the air cavity 115 through 
port 118 by a line 154 connected to a source of 
pressurized air 209. The flow of pressurized air 
through line 154 is preferably controlled by a three- 25 
way valve 213 mounted therein, which is operated 
by the same controller 92 described above in con- 
nection with pressure regulator 1 4. The pressurized 
air forces the piston 121, and, in turn, the needle 
valve 108. upwardly as viewed in Fig. 1. This 30 
unseats the valve tip 110 from the discharge outlet 
101 of nozzle 98 allowing the flow of polymer/gas 
solution therethrough. Air is subsequently exhaust- 
ed from the cavity 115 through the three-way valve 
213. 35 

As illustrated in Fig. 1, the extent of upward, 
axial movement of the piston 1 21 and needle valve 
108 is dependent upon the position of adjustment 
shaft 136 with respect to the screw 122 connected 
to piston 121. The piston 121 is axially movable in 4o 
an upward direction until the screw 122 contacts 
the lowermost end 138 of adjustment shaft 136. In 
order to vary the extent of axial movement of 
piston 121 and needle valve 108. the adjustment 
shaft 136 is threaded axiafly upwardly or downwar- 45 
dly within the stepped bore 126 of collar 124, as 
desired. This is accomplished as follows. Initially, 
the ring 144 is pulled upwardly along the non- 
circular portion 140 of shaft 136, against the force 
of spring 148. so that the pin 146 connected to ring so 
144 disengages the bore 147 in collar 124. With 
the ring 144 and pin 146 disengaged from collar 
124, the adjustment shaft 136 can be rotated in 
either direction to move the lowermost end 138 of 
its threaded portion 135 either toward or away from 55 
the adjustment screw 122 of piston 121. Once the 
desired adjustment has been obtained, the pin 146 
is realigned with one of the bores 147 in collar 124 



allowing the spring 148 to force the ring 144 back 
onto the top surface of collar 124. Adjustment of 
the extent of axial movement of needle valve 108 
thus permits adjustment of the flow rate of 
polymer/gas solution through the discharge outlet 
101 of nozzle 98. 

ALTERNATIVE DISPENSER EMBODIMENT OF 
FIG. 4-5C 

In the embodiments illustrated in Figs. 1-3, 
adjustment of the flow rate of polymer/gas solution 
is obtained by adjusting the extent of axial move- 
ment of the needle valve 108. As described above, 
such adjustment must be made manually by vary- 
ing the axial position of the adjustment shaft 136 
with respect to the piston 121 carried by needle 
valve 108. While manual adjustment is suitable for 
some types of applications, it has been found ad- 
vantageous in other applications to vary the flow 
rate of polymer/gas solution in the course of a 
production run. 

With reference to Figs. 4-5C, an alternative 
embodiment of an apparatus 160 in accordance 
with this invention is illustrated which is capable of 
varying the flow rate of polymer/gas solution be- 
tween a first flow rate and a second flow rate 
during operation. The apparatus 160 generally 
comprises a dispenser 12 as described above ex- 
cept for the modifications noted below, and a flow 
control module 164 which Is constructed with much 
of the same structure as dispenser 12. For pur- 
poses of the present discussion, the structure of 
the flow control module 164 which Is common to 
that of dispenser 12 is given the same reference 
number In Fig. 4 as in Fig. 1, with the addition of 
an "a" to the reference numbers in Fig. 4. The 
apparatus 160 also generally includes a pressure 
regulator 200 of the type described above in con- 
nection with Fig. 3. and the same reference num- 
bers are used in Fig. 4 for structure common to 
that in Fig. 3. It should be understood that the 
spring-operated pressure regulator 14 of Fig. 1 
could also be employed with the apparatus 160, if 
desired. 

As viewed in Fig. 4, the upper flow control 
module 164 is mounted atop the dispenser 12 by a 
somewhat modified adjustment shaft 166, com- 
pared to the adjustment shaft 136 of Fig. 1. Prefer- 
ably, the adjustment shaft 166 is fixedly mounted 
by brazing, welding or the like to the base of the 
flow control module 164, or integrally formed there- 
with, so that a plunger 167 carried by flow control 
module 164 extends into a throughbore 168 formed 
in adjustment shaft 166 to a location immediately 
above the piston 121 of dispenser 12. This plunger 
167 carries an upper piston 121a within the air 
cavity 115a formed in flow control module 164. 
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The axial position of adjustment shaft 166, and, 
in turn, plunger 167, is adjustable in the same 
manner as described above in connection with 
adjustment shaft 136 of Fig, 1 except that rotation 
of adjustment shaft 166 relative to the collar 124 of 
dispenser 12 is obtained by rotating the entire flow 
control module 164 because shaft 166 is fixedly 
mounted thereto. Such manual rotation of the flow 
control module 164 and shaft 166 results in a 
variation of the axial space between the piston 121 
of dispenser 12 and the plunger 167 of flow control 
module 164. Accordingly, the apparatus 160 is 
provided with the same "manual" or initial flow rate 
adjustment capability as the dispenser 12 of Fig. 1. 
That is, manual variation of the initial position of the 
plunger 167 relative to the piston 121 of dispenser 
12 controls the extent of axial motion of its needle 
valve in the identical manner as with adjustment 
shaft 136 described above. 

The apparatus 160 of this embodiment is pref- 
erably used in combination with a modified needle 
valve 108' and associated nozzle 190 of the type 
illustrated in Figs. 5A-5C. As shown in Figs. 5A-5C, 
the nozzle 190 is formed with an elongated dis- 
charge passageway 192 having a discharge outlet 
193. This discharge passageway 192 receives an 
elongated, uniform diameter valve tip 194 con- 
nected to the stem 107* of needle valve 108*. As 
viewed in Figs. 5A-5C, the outside diameter of 
valve tip 194 Is somewhat less than the inside 
diameter of discharge passageway 192, thus creat- 
ing a relatively narrow, annular flow path there- 
between. 

Another minor modification in the embodiment 
of Fig. 4, compared to that of Figs. 1 and 3, is that 
the flow control module 164 is formed with a seat 
163 which receives a fitting 169 held therein by a 
snap ring 170. The fitting 169 has a port 171 which 
is connected by a line 172 to the source 209 of 
pressurized air, and which communicates with a 
bore 173 formed in flow control module 164 lead- 
ing to the air cavity 1 1 5a therein. 

The apparatus 160 of this embodiment is effec- 
tive to discharge solution from the dispenser 12 at 
two different flow rates by moving the modified 
needle valve 108' between a closed position, a first 
open position and a second open position. For 
example, in order to move the needle valve 108' of 
the nozzle 190 of dispenser 12 to a first, partially 
open position, pressurized air is introduced into the 
air cavity 115 of dispenser 12 through a line 175 so 
that its piston 121 is moved axially upwardly 
against the force of the return spring 130 in the 
dispenser 12. When the piston 121 of dispenser 12 
moves axially upwardly a predetermined distance, 
its mounting screw 122 contacts the bottom of 
plunger 167 of flow control module 164 and begins 
to act against the return spring 130a in flow control 



module 164. While the force exerted on the lower 
piston 121 by the pressurized air within the air 
cavity 1 1 5 of dispenser 1 2 is sufficient to overcome 
the spring force of the return spring 130, the return 

5 spring 130a of flow control module 164 which acts 
on the upper piston 121a carried by plunger 167 
restricts further axial movement of the needle valve 
108'. As a result, the needle valve 108' in the 
dispenser 12 is moved to a first, open position with 

70 respect to the discharge outlet 193 of nozzle 190 in 
response to pressurization of air cavity 115 in dis- 
penser 12 to permit at least some flow of 
polymer/gas solution therethrough. 

In order to move the needle valve 108' of 

75 dispenser 12 to a second, open position, which 
permits greater flow of solution through the nozzle 
190, pressurized air is introduced from line 172 
through port 171 and bore 173 into the air cavity 
115a of the flow control module 164. The pressur- 

20 ized air within air cavity 115a forces the piston 
121a and plunger 167 of flow control module 164 
axially upwardly against the force of the return 
spring 130a. In turn, the piston 121 and needle 
valve 108' of dispenser 12 are permitted to move 

25 axially upwardly within dispenser 12 simultaneously 
with the movement of plunger 167. The needle 
valve 108' of dispenser 12 is therefore moved 
further from the discharge outlet 193 of nozzle 190 
to permit an increased flow rate of polymer/gas 

30 solution therethrough. 

The differential flow rates obtained through 
nozzle 190 result from axial movement of the nee- 
dle valve 108' therein in the manner described 
above. The needle valve 108' functions as a vari- 

35 able flow restrictor within the elongated passage- 
way 192 of nozzle 190 which permits a greater or 
lesser flow of polymer/gas solution therethrough 
depending upon the position of needle valve 108' 
with respect to the discharge outlet 193 of elon- 

40 gated passageway 192. In response to movement 
of the needle valve 108* axially upwardly, the elon- 
gated valve tip 1 94 moves from the closed position 
(Fig. 5A) to a first open position (Fig. 5B) and then 
to a second open position (Fig. 5C). Movement of 

46 the valve tip 194 progressively further from the 
discharge outlet 193 of the elongated discharge 
passageway 192 produces less restriction or resis- 
tance to flow of the solution through discharge 
passageway 192. and thus the flow rate of 

50 polymer/gas solution emitted from the discharge 
passageway 192 Increases as the needle valve 
108' moves from the first open position to the 
second open position. 

65 SYSTEM OPERATION 

Each of the embodiments described above, 
i.e.. Figs. 1 and 2. Fig. 3 and Figs. 4-5C. include 
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common structure for accomplishing two of the 
primary objectives of this invention, namely: (1) 
controlling the pressure of the polymer/gas solution 
to substantially reduce or eliminate pressure 
surges or spikes, and alternate periods of low pres- 
sure, when the apparatus 10 or 160 Is operated 
intermittently, and (2) maintaining the gas in solu- 
tion with the liquid polymeric material prior to dis- 
charge from the nozzles 98 or 190. The operation 
of such common structure of the several embodi- 
ments herein is described below with particular 
reference to Fig. 1, it being understood that such 
discussion applies equally to the embodiments of 
Figs. 3-5C. 

In addition, the various embodiments herein 
are characterized below as either being operatively 
adjustable or operatively non-adjustable for pur- 
poses of the present discussion. The embodiment 
of Fig. 1 is considered to be "operatively non- 
adjustable" because the axial extent of the move- 
ment of needle valve 108 of dispenser 24, and the 
axial movement of piston 72 of pressure regulator 
14, are both manually set before operation of ap- 
paratus 10 and remain at such settings throughout 
a production run. The embodiments of Figs. 3-5C. 
on the other hand, each have at least some degree 
of adjustability during operation of the apparatus by 
varying the operation of the dispenser and/or pres- 
sure regulator. 

OPERATION OF FIG. 1 

Referring to Fig. 1, the overall operation of 
dispenser apparatus 10 Is summarized as follows. 
Pressurized polymer/gas solution Is directed from 
the apparatus 18 into the swivel mechanism 16 of 
the presently preferred embodiment. It is contem- 
plated that the swivel mechanism 16 would be 
employed in applications where the apparatus 10 is 
automatically manipulated by a robot arm or the 
like (not shown). Preferably, the swivel mechanism 
16 has a swivel joint 17 which permits rotational 
movement about an axis 196, and a second swivel 
joint 15 which permits rotational movement about 
an axis 198. The structure of swivel mechanism 16 
forms no part of this Invention per se and is thus 
not described herein, it being understood that es- 
sentially any conventional swivel mechanism 16 
could be employed in the apparatus 10 of this 
invention. 

One feature of this Invention which aids in 
control of the pressure of the polymer/gas solution 
so that alternating pressure surges and pressure 
drops are reduced or eliminated is the compara- 
tively short flow path provided between the pres- 
sure regulator 14 and dispenser 12. As mentioned 
above, the polymer/gas solution is transmitted 
through the swivel mechanism 16 directly Into the 



cavity 50 of mounting block 20 mounted thereto. 
With the needle valve 108 of dispenser 12 in an 
open position, the solution passes through the cav- 
ity 50 and passageway 58 of mounting block 20 

5 directly into the fluid passageway 62 formed in the 
dispenser body 24. The solution enters the dis- 
charge cavity 96 of dispenser body 24 from the 
fluid passageway 62, and then flows past and 
through the valve guide 102 into the discharge 

70 outlet 101 of nozzle 98. A short flow path is there- 
fore created through the pressure regulator 14. 
mounting block 20 and dispenser 12 which mini- 
mizes pressure drop due to line losses as the 
solution flows therethrough. 

75 In addition to the reduction of line losses, the 
above-described comparatively short flow path be- 
tween the pressure regulator 14. mounting block 20 
and dispenser 12 allows the pressure regulator 14 
to maintain the flow of polymer/gas solution re- 

20 leased through passageway 58 into dispenser 12 at 
substantially constant pressure even when the dis- 
penser 12 is operated intermittently. When the nee- 
dle valve 108 of dispenser 12 is moved to a closed 
position, the pump (not shown) associated with the 

25 source 18 of polymer/gas solution continues to run. 
thus building pressure at the pressure regulator 14. 
As the pressure within cavity 50 increases, the 
piston 72 and valve plate 66 of regulator 14 are 
moved axially upwardly as viewed in Fig. 1. At a 

30 predetermined maximum pressure, which corre- 
sponds to the desired application pressure of the 
solution emitted from dispenser nozzle 98, the 
valve plate 66 seats against the valve seat 64. thus 
preventing any further flow of solution into the 

35 dispenser 12. With the valve plate 66 of pressure 
regulator 14 in this seated position, the pressure of 
the solution downstream from valve plate 66 is 
maintained at approximately the desired application 
pressure. That is, the pressure of the solution wlth- 

40 in the remainder of cavity 50 and passageway 58 
of mounting block 20, and the solution within the 
fluid passageway 62, discharge cavity 96 and noz- 
zle passageway 100 of dispenser 12, is substan- 
tially equal to the desired pressure at which the 

45 solution should be discharged from the nozzle 98 
for application onto a substrate. The pump asso- 
ciated with the solution source 18 continues to 
operate with the needle valve 108 closed, so that 
the pressure of the solution Immediately upstream 

50 from the valve plate 66 of pressure regulator 14 is 
permitted to increase. 

When the needle valve 108 is now moved to 
an open position, the solution downstream from the 
valve plate 66 of pressure regulator 14 is emitted 

55 through the nozzle 98. No "hammerheads", i.e., 
enlarged areas of excess material, are initially 
formed on the substrate because the solution 
downstream from valve plate 66 has been main- 
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tained at substantially the desired application pres- 
sure, as described above. The discharge of solu- 
tion from the nozzle 98 reduces the pressure ex- 
erted on the piston 72 of pressure regulator 14, 
thus allowing the regulator spring 84 to move the s 
piston 72 axially downwardly and unseat the valve 
plate 66 from valve seat 64. A slight pressure 
surge occurs within the cavity 50 as pressurized 
solution located upstream from the valve plate 66 
flows therein because such solution was main- io 
tained at a pressure In excess of the desired ap- 
plication pressure, as described above. However, 
this initial surge of solution within cavity 50 of 
mounting block 20 does not create a "spike" or 
pressure Increase downstream at the nozzle 98 of is 
dispenser 24 because the valve plate 66 quickly 
operates to control the solution pressure, and be- 
cause at least some minimal pressure drop occurs 
in the course of movement of the solution from the 
upstream side of valve plate 66 to the discharge 20 
outlet 101 in the nozzle 98. At the same time, little 
or no pressure drop occurs at the nozzle 98 in the 
time it takes for the solution upstream of valve 
plate 66 to reach the nozzle 98 because of the 
short flow path and minimal line losses between 25 
the regulator 14 and dispenser 24. The pressure in 
the dispenser 24 therefore transitions from the stat- 
ic condition (no flow) to the dynamic condition 
(flow) quickly and smoothly, and the pressure pro- 
file or level in the dispenser 24 becomes substan- 30 
tially constant within a very short period of time. As 
a result, a substantially uniform bead or ribbon of 
foamed polymeric material is deposited by the 
nozzle 98, without areas of appreciable excess 
material even if apparatus 10 or 160 are operated as 
intermittently. 

The above-described pressure control feature 
of the apparatus 10 of this invention provides an 
important advantage in forming a high quality foam 
from the polymer/gas solution. It has been found 40 
desirable to maintain the polymer/gas solution with- 
in the dispenser 24 at a pressure which is quite 
close to but slightly above the pressure at which 
the gas comes out of solution, in order to ensure 
the production of "high quality" foam, i.e., a homo- 45 
geneous solid foam having gas cells substantially 
evenly distributed throughout the polymeric ma- 
terial. If the pressure of the polymer/gas solution is 
substantially higher than the pressure at which the 
gas comes out of solution, the resulting bead has so 
been found to exhibit poor foam quality. On the 
other hand, maintenance of the polymer/gas solu- 
tion at too low a pressure within the dispenser 12 
can cause the gas to come out of solution prema- 
turely and form foam material within the dispenser 55 
12. Both of these problems are substantially avoid- 
ed by maintaining the polymer/gas solution at the 
desired pressure even when the apparatus 10 is 



operated Intermittently. 

The pressure at which the gas comes out of 
solution is dependent upon the polymer material 
and the "density reduction". The term "density 
reduction" is meant to refer to the reduction in 
density of the polymeric material from the un- 
foamed state to the foamed state. If the density 
reduction is great, there is a comparatively large 
amount of gas in solution whereas the density 
reduction decreases as the amount of gas in solu- 
tion decreases. In order to produce foam of the 
desired quality, it is important to control the pres- 
sure of the polymer/gas solution within the dis- 
penser 12 within relatively narrow pressure ranges. 

One example illustrating the importance of the 
pressure control provided by the apparatus 10 of 
this invention is as follows. GE Silicone 1403 poly- 
meric material was injected with gas sufficient to 
provide a density reduction of approximately 60%. 
At this density reduction level, a dynamic pressure 
of 200 psi must be maintained within the dispenser 
12 in order to maintain the gas in solution within 
the polymeric material. For this type of material 
and particular density reduction, it was found that a 
dynamic pressure approaching 250 psi within in the 
dispenser 12 produced a deteriorated foamed bead 
structure when ejected through nozzle 98. As a 
result, control of the polymer/gas solution pressure 
to a level very close to, but slightly above 200 psi 
at the dispenser nozzle 98, is required to produce 
the desired foam quality of the resulting foamed 
polymeric material bead. It can therefore be appre- 
ciated that the pressure control obtained by the 
apparatus 10 of this invention is an important fea- 
ture in producing the desired foam quality. 

OPERATIVELY ADJUSTABLE EMBODIMENT OF 
FIG. 3 

Referring now to Fig. 3, an alternative embodi- 
ment is illustrated, which, as described above, in- 
cludes a modified pressure regulator 200 in which 
the regulator spring 84 and retainer 88 employed 
with the pressure regulator 14 of Fig. 1 are re- 
moved. As mentioned above, the cavity 204 of 
pressure regulator 200 is filled with a pressurized 
fluid, preferably air or nitrogen, supplied from a 
pressurized fluid source 208 connected by a line 
207 to a port 206 in regulator 200. In addition, a 
pressure transducer 210 is mounted in the port 97 
formed in the dispenser body 24 which commu- 
nicates with the discharge cavity 96. 

Adjustment of the extent of axial movement of 
needle valve 108 in this embodiment is obtained 
manually in the same manner as described above 
in connection with Fig. 1, but dynamic variation in 
the flow rate of polymer/gas solution introduced 
into the nozzle 98 can be controlled by operation of 
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the pressure regulator 200. The pressure trans- 
ducer 210 is operative to sense the pressure of the 
polymer/gas solution flowing through the discharge 
cavity 96 of dispenser body 24 into the nozzle 98. 
The pressure transducer 210 produces signals cor- 
related to the pressure of the solution, which are 
accepted as an input by the controller 92. The 
controller 92 functions to compare the sensed 
pressure with a predetermined setpoint or desired 
pressure level of the polymer/gas solution within 
the dispenser 12. and produces an output to a 
valve 212, such as an electric pressure to pneu- 
matic relay valve, carried in the line 207 extending 
between the pressurized fluid source 208 and the 
cavity 204 of pressure regulator 14. In response to 
signals from the controller 92, the valve 212 con- 
trols and adjusts the air pressure within the cavity 
204, which, in turn, controls the movement of pis- 
ton 72 and valve plate 66 with respect to the seat 
64 within the cavity 50 of mounting block 20. By 
dynamically controlling the movement of piston 72 
and valve plate 66, the pressure at which the 
polymer/gas solution is discharged from pressure 
regulator 14 into the passageway 62 of dispenser 
body 24 can be varied, as desired. In this manner, 
at least some "operative" control of the pressure of 
the polymer/gas solution through the apparatus 10 
is obtained in the embodiment of Fig. 3. 

OPERATIVELY ADJUSTABLE EMBODIMENT OF 
FIGS. 4-50 

With respect to the embodiment of Figs. 4-50, 
the apparatus 160 illustrated therein is "operatively 
adjustable" during a production run in two re- 
spects. First, as described above, the apparatus 
160 provides an economical and reliable means for 
varying the flow rate of polymer/gas solution dis- 
charged from the dispenser 12 between at least a 
first and second flow rate. In response to signals 
from the controller 92, pressurized air can be di- 
rected via line 175 and valve 213 from air source 
209 into the air cavity 115 of dispenser 12 to move 
the needle valve 108' to the first, partially open 
position. If desired, the pressurized air can also be 
supplied through line 172 and valve 213a to the air 
cavity 115a of flow control module 164 to move the 
needle valve 108' of the dispenser 12 to a second, 
completely open position as described above. The 
apparatus 160 therefore provides for at least a two- 
stage adjustment of the position of needle valve 
108* of dispenser 12 during a production run, as 
desired. 

The above-described two-stage movement of 
needle valve 108' of dispenser 12 has proven to be 
particularly advantageous when the apparatus 160 
is utilized to apply foamed polymeric material in a 
non-linear path upon a substrate. For example, in 



the course of traversing a non-linear path consist-^ 

ing of a straight portion, a curved or arcuate portion 
and then another straight portion, it has been found 
advantageous to discharge the polymer/gas solu- 

5 tion from the dispenser 12 at two different flow 
rates. Preferably, the polymer/gas solution is dis- 
charged at a relatively high flow rate when the 
apparatus 160 or substrate are moving along a 
linear or straight path relative to one another, i.e., 

10 with the needle valves 108' at the second, more 
fully open position shown in Fig. 50. On the other 
hand, when either the apparatus 160 or substrate is 
moved in a non-linear or curved path, the controller 
92 functions to stop the flow of pressurized air from 

75 source 208 into the air cavity 115a of flow control 
module 164 so that the needle valve 108' of dis- 
penser 12 returns to the first, partially open posi- 
tion. See Fig. 5B. In this position, a lower flow rate 
of polymer/gas solution is discharged from the dis- 

20 penser 12, which is advantageous when traversing 
non-linear or curved flow paths because when the 
dispenser speed exceeds the speed of bead ex- 
trusion, internal tension is produced in viscoelastic 
material. This internal tension causes the bead to 

25 pull inwardly at the corner. Once the apparatus 160 
or substrate Is again moved along a linear path, the 
controller 92 is operated to resume the flow of 
operating air into the air cavity 1 1 5a of flow control 
module 164 to return the needle valve 108* of 

30 dispenser 12 to the second, fully open position. 
This resumes the higher flow rate of polymer/gas 
solution through the nozzle 190. 

The apparatus 160 is also operatively adjust- 
able in the same manner as the embodiment of 

35 Fig. 3 described above when it is coupled to the 
pressure regulator 200 as shown in Fig. 4. That is, 
the pressure of the polymer/gas solution supplied 
to the dispenser 12 can be controlled by controller 
92 and regulator 200 in the identical manner de- 

40 scribed above in connection with Fig. 3. 

While the invention has been described with 
reference to a preferred embodiment, it will be 
understood by those skilled in the art that various 
changes may be made and equivalents may be 

45 substituted for elements thereof without departing 
from the scope of the invention. Therefore, it is 
intended that the invention not be limited to the 
particular embodiment disclosed as the best mode 
contemplated for carrying out this invention, but 

50 that the invention will include all embodiments fall- 
ing within the scope of the appended claims. 

Claims 

55 1. Apparatus for dispensing a polymer foam, 
comprising: 

dispenser means for receiving a pressur- 
ized solution of intermixed, highly viscous 
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polymeric material and gas; 

regulator means for maintaining the pres- 
surized solution introduced into said dispenser 
means at a pressure which is slightly above 
the pressure at which the gas comes out of 5 
solution so that upon discharge of the pressur- 
ized solution from the dispenser means a poly- 
mer foam is formed having acceptable foam 
quality. 

70 

2. Apparatus for forming and dispensing a poly- 
mer foam, comprising: 

forming means for forming a pressurized 
solution of intermixed, highly viscous polymer- 
ic material and gas; is 

dispenser means for receiving the pressur- 
ized solution; 

regulator means interposed between said 
forming means and said dispenser means for 
maintaining the pressurized solution introduced 20 
into said dispenser means at a pressure which 
is slightly above the pressure at which the gas 
comes out of solution so that upon discharge 
of the pressurized solution from the dispenser 
means a polymer foam is formed having ac- 25 
ceptable foam quality. 

3. Apparatus for dispensing a pressurized solu- 
tion of intermixed highly viscous polymeric 
material and gas to form a polymer foam, 30 
comprising: 

a pressure regulator formed with an inter- 
nal cavity having a first inlet adapted to con- 
nect to a source of the solution and a first 
outlet, said pressure regulator including regula- 35 
tor means for controlling the pressure at which 
the solution is discharged through said first 
outlet of said internal cavity; 

a dispenser formed with a fluid passage- 
way having a second inlet and a second dis- 40 
charge outlet, said fluid passageway carrying a 
valve having a valve tip movable between an 
open position and a closed position relative to 
said second discharge outlet, said second inlet 
of said fluid passageway in said dispenser 45 
being connected to said first outlet of said 
internal cavity of said pressure regulator so 
that a flow path for the solution is formed 
between said internal cavity and said second 
discharge outlet of said fluid passageway with- so 
In which sufficient pressure is maintained to 
substantially prevent the gas from leaving solu- 
tion to form a polymer foam prior to discharge 
from said dispenser. 

55 

4. The apparatus of claim 3 in which said dis- 
penser includes sensor means communicating 
with said fluid passageway for sensing the 



pressure of the solution passing through said 
fluid passageway, said sensor means sending 
signals correlated to the pressure of the solu- 
tion in said fluid passageway to a controller 
which is effective to control the operation of 
said regulator means of said pressure regulator 
and thus control the pressure at which the 
solution is discharged into said fluid passage- 
way of said dispenser. 

5. Apparatus for dispensing high viscosity fluid 
material, comprising: 

a pressure regulator formed with an inter- 
nal cavity having an inlet adapted to commu- 
nicate with a source of high viscosity fluid 
material, and an outlet; 

a dispenser formed with a fluid passage- 
way having an inlet connected to said outlet of 
said pressure regulator and a discharge outlet 
for dispensing fluid material, said dispenser 
having a valve which is movable between an 
open position and a closed position with re- 
spect to said discharge outlet of said fluid 
passageway; 

regulator means carried within said internal 
cavity of said pressure regulator for maintain- 
ing the solution at a first pressure within said 
fluid passageway in said dispenser, and for 
maintaining the solution at a higher, second 
pressure upstream from said pressure regula- 
tor, with said valve in said closed position, said 
regulator means being effective upon move- 
ment of said valve to said open position to 
reduce the pressure of the fluid material as it 
passes through said pressure regulator and to 
transmit said fluid material into said fluid pas- 
sageway of said dispenser without producing a 
pressure surge or a pressure drop in the fluid 
material before it is emitted from said dis- 
penser. 

6. The apparatus of claim 5 in which said dis- 
penser includes sensor means communicating 
with said fluid passageway for sensing the 
pressure of the solution passing through said 
fluid passageway, said sensor means sending 
signals correlated to the pressure of the solu- 
tion to a controller which is effective to control 
the operation of said regulator means of said 
pressure regulator and thus control the pres- 
sure at which the solution is discharged Into 
said fluid passageway of said dispenser. 

7. Apparatus for dispensing high viscosity fluid 
material, comprising: 

a dispenser, including: 
(i) a dispenser body formed with a fluid 
passageway having an inlet, and a dis- 
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charge outlet for emitting fluid material; 

(ii) a valve carried by said dispenser body 
liaving a valve tip axially movable with re- 
spect to said discharge outlet; 

(iii) valve closure means for moving said s 
valve to a closed position relative to said 
discharge outlet; 

(iv) means for axially moving said valve in a 
first direction away from said discharge out- 
let; TO 

(v) stop means for limiting the extent of 
axial movement of said valve relative to said 
discharge outlet to control the flow of fluid 
material therethrough; 

(vi) adjustment means for adjusting the po- 75 
sition of said stop means relative to said 
valve to vary the extent of axial movement 

of said valve which is permitted by said 
stop means; 

a pressure regulator formed with an inter- 20 
nal cavity having an inlet adapted to commu- 
nicate with a source of fluid material, and an 
outlet connected to said inlet of said fluid pas- 
sageway in said dispenser body, said pressure 
regulator including regulator means which is 25 
effective upon operation of said valve closure 
means of said dispenser to maintain the fluid 
material within said fluid passageway in said 
dispenser at a first pressure and to maintain 
the fluid material upstream from said pressure 30 
regulator at a second, higher pressure, said 
regulator means being effective upon operation 
of said first activating means of said dispenser 
to reduce the pressure of the fluid material 
upstream from said pressure regulator as it 35 
passes therethrough and to transmit the fluid 
material into said fluid passageway of said 
dispenser without producing a pressure surge 
or a pressure drop in the fluid material before 
it is emitted from the dispenser. 4o 

The apparatus of claim 7 in which said dis- 
penser includes sensor means communicating 
with said fluid passageway of said dispenser 
for sensing the pressure of the solution pass- 45 
ing through said fluid passageway, said sensor 
means sending signals correlated to the pres- 
sure of the solution to a controller which is 
effective to control the operation of said regula- 
tor means of said pressure regulator and thus 50 
control the pressure at which the solution is 
discharged into said fluid passageway of said 
dispenser. 

Apparatus for dispensing high viscosity fluid 55 
material comprising: 
a dispenser including: 

(i) a dispenser body formed with a fluid 



passageway having an inlet, and a dis- 
charge outlet for emitting fluid material; 

(ii) a valve carried by said dispenser body 
which is movable with respect to said dis- 
charge outlet of said fluid passageway; 

(iii) valve closure means for moving said 
valve to a closed position relative to said 
discharge outlet; 

(iv) first actuating means for moving said 
valve in a direction away from said dis- 
charge outlet; 

a flow control module connected to said 
dispenser, said flow control module including: 

(i) stop means for limiting the extent of axial 
movement of said valve relative to said dis- 
charge outlet; 

(ii) means for positioning said stop means in 
a first position relative to said valve such 
that said valve is permitted to move to a 
first, open position with respect to said dis- 
charge outlet in response to operation of 
said first actuating means; 

(iii) second actuating means for moving said 
stop means to a second position relative to 
said valve such that said valve is permitted 
to move to a second, open position with 
respect to said discharge outlet in response 
to operation of said first actuating means; 

a pressure regulator formed with an inter- 
nal cavity having an inlet adapted to commu- 
nicate with a source of fluid material, and an 
outlet connected to said inlet of said fluid pas- 
sageway in said dispenser, said pressure regu- 
lator including regulator means which is effec- 
tive upon operation of said valve closure 
means of said dispenser to maintain the fluid 
material within said fluid passageway in said 
dispenser at a first pressure and to maintain 
the fluid material upstream from said pressure 
regulator at a second, higher pressure, said 
regulator means being effective upon operation 
of said first actuating means of said dispenser 
to reduce the pressure of the fluid material 
upstream from said pressure regulator as it 
passes therethrough and to transmit the fluid 
material into said fluid passageway of said 
dispenser without producing a pressure surge 
or a pressure drop in the fluid material before 
it is emitted from said dispenser. 

10. The apparatus of claim 9 in which said dis- 
penser carries a nozzle including an elongated 
throughbore having a first diameter forming a 
portion of said fluid passageway of said dis- 
penser which terminates with said discharge 
outlet, said valve being formed with an elon- 
gated valve tip having a second diameter 
which is sized relative to said first diameter of 
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. said elongated throughbore of said nozzle so 
that said elongated valve tip forms a flow re- 
striction within said elongated throughbore. 
said valve tip being movable to a first position 
within said nozzle throughbore relative to said 
discharge outlet thereof upon movement of 
said valve to said first, open position to provide 
a flow restriction which produces a first flow 
rate of the fluid material, and said valve tip 
being movable to a second position further 
from said discharge outlet upon movement of 
said valve to said second, open position to 
provide a flow restriction which produces a 
second, higher flow rate of the fluid material. 

11. The apparatus of claim 9 in which said dis- 
penser includes sensor means communicating 
with said fluid passageway for sensing the 
pressure of the fluid material passing through 
said fluid passageway, said sensor means 
sending signals correlated to the pressure of 
the fluid material to a controller which is effec- 
tive to control the operation of said regulator 
means of said pressure regulator and thus 
control the pressure at which the fluid material 
Is discharged into said fluid passageway of 
said dispenser. 

12. Apparatus for dispensing fluid material, com- 
prising: 

a dispenser formed with a fluid passage- 
way having an inlet adapted to connect to a 
source of fluid material, and a discharge outlet 
for emitting the fluid material: 

a valve carried by said dispenser which is 
movable with respect to said discharge outlet 
of said fluid passageway; 

first biasing means for applying a continu- 
ous force to said valve which urges said valve 
toward a closed position relative to said dis- 
charge outlet of said fluid passageway; 

first actuating means for counteracting the 
force of said first biasing means so that said 
valve moves in a direction away from, said 
discharge outlet; 

a flow control module connected to said 
dispenser, said flow control module including: 

(i) stop means for limiting the extent of axial 
movement of said valve relative to said dis- 
charge outlet; 

(ii) second biasing means for applying a 
continuous force to said stop means which 
urges said stop means to a first position 
relative to said valve, said valve being per- 
mitted to move to a first, open position with 
respect to said discharge outlet with said 
stop means in said first position in response 
to operation of said first actuating means; 



(iii) second actuating means for counteract- 
ing the force of said second biasing means 
which urges said stop means to a second 
position relative to said valve, said valve 
5 being permitted to move to a second, open 

position with respect to said discharge out- 
let with said stop means in said second 
position in response to operation of said 
first actuating means. 

70 

13. The apparatus of claim 12 in which said dis- 
penser carries a nozzle including an elongated 
throughbore having a first diameter forming a 
portion of said fluid passageway of said dis- 

75 penser which terminates with said discharge 

outlet, said valve being formed with an elon- 
gated valve tip having a diameter which Is 
sized relative to said first diameter of said 
elongated throughbore of said nozzle so that 

20 said elongated valve tip forms a flow restriction 
within said elongated throughbore. said valve 
tip being movable to a first position within said 
nozzle throughbore relative to said discharge 
outlet thereof upon movement of said valve to 

25 said first, open position to provide a flow re- 
striction which produces a first flow rate of the 
fluid material, and said valve tip being movable 
to a second position further from said dis- 
charge outlet upon movement of said valve to 

30 said second, open position to provide a flow 
restriction which produces a second, higher 
flow rate of the fluid material. 

14. Apparatus for dispensing a polymer foam, 
35 comprising: 

means for forming a pressurized solution 
of intermixed, highly viscous polymeric ma- 
terial and gas; 

means for transmitting the pressurized so- 
40 lution at a first pressure to a pressure regula- 
tor; 

means associated with said pressure regu- 
lator for reducing the pressure of the pressur- 
ized solution from said first pressure to a sec- 

45 ond. lower pressure in the course of passage 
of the pressurized solution through said pres- 
sure regulator and into a dispenser located 
downstream from said pressure regulator, said 
second, lower pressure being maintained at a 

50 level within said dispenser which is slightly 
above the pressure at which the gas comes 
out of solution so that upon discharge of the 
pressurized solution from said dispenser a 
polymer foam is formed having acceptable 

55 foam quality. 

15. The method of dispensing a polymer foam, 

comprising: 
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forming a pressurized solution of intermix- 
ed, highly viscous polymeric material and gas; 

transmitting the pressurized solution to a 
dispenser means; 

reducing the pressure of the pressurized s 
solution from a first, higher pressure upstream 
from said dispenser means to a second, lower 
pressure within said dispenser means by op- 
eration of a regulator means located imme- 
diately upstream from said dispenser means, io 
said second, lower pressure being maintained 
at a level by said regulator means which is 
slightly above the pressure at which the gas 
comes out of solution so that upon discharge 
of the pressurized solution from the dispenser 75 
means a polymer foam is formed having ac- 
ceptable foam quality. 
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